Background: We explored whether a previously successful initiative to improve first-case on-time starts succeeded because (i) preoperative steps started earlier (but the process did not necessarily improve) or (ii) the process was brought into better control. Methods: We analysed 35 months of data comprising 28 882 first cases to calculate the difference of the time a patient entered the operating room (OR) vs the scheduled entry time. Median and inter-quartile range were used to evaluate changes in distribution parameters. A statistical process-control methodology was used to compare the differences in performance between the pre-and post-intervention phases. Results: Post-intervention first cases entered the OR on average within 4 min [95% confidence interval (CI): 4e5 min] of the scheduled start time, as opposed to within 8 min (95% CI: 8e8 min) in the pre-intervention period. The median delay decreased from 5 min (95% CI: 5e5 min) to 2 min (95% CI: 2e2 min). The inter-quartile range of the difference between the scheduled start time and the first case in room time decreased from 13 min (95% CI: 13e13 min) to 10 min (95% CI: 9e10 min). Conclusions: The reduction in inter-quartile range demonstrates that improvement in on-time starts resulted from the process being in better control. The start time of preoperative preparatory activities did not move earlier, which means that OR and preoperative staff do not need to arrive at work earlier. Improvements resulting from the process being in control were sustained.
Editor's key points
First-case on-time start (FCOTS) is a commonly used metric for operating-room performance. The mechanism of a quality-improvement initiative to improve FCOTS at a single academic medical centre was studied by a before-and-after analysis. The initiative led to an increase in FCOTS that resulted from better process control rather than earlier patient preparation. Initiatives to improve perioperative performance through reduction in process variance are possible, and are more likely to be sustainable.
Getting the first case of the day started on time is an operational metric commonly tracked by perioperative administrators. 1e3 There have been recent discussions about the appropriateness of the additional effort required to achieve further incremental improvements in first-case on-time starts (FCOTS) beyond a certain limiting threshold, 4 as there may be decreasing marginal returns. For example, in a 20-(or 40-) bed operating room (OR), the FCOTS percentage increases from 80% to 85% would translate to just one (or two) more cases starting on time, and most likely a saving of only a few additional minutes per day. Therefore, when viewing OR efficiency from a purely operational perspective of throughput, utilisation, and case cancellation, 5 the additional effort seems unnecessary unless the initial performance is truly poor. 6 Hospitals with low FCOTS performance often devise strategies and interventions (expending resources) to correct this situation. 7, 8 Performance improvements can then be tracked and judgements can be made on the efficacy of the intervention. 9 However, simply noting and quantifying the improvement do not explain why (or even whether) the process performance improved. On-time starts do not automatically translate to reduced overtime or the day ending earlier. 6, 10 Moreover, anaesthesiologists might actually make counterproductive decisions about case and workload sequencing. 11, 12 Finally, a successful FCOTS project might subordinate OR personnel quality of life by starting work earlier rather than optimising processes. When evaluating OR performance from an integrated process flow perspective, even small operational improvements (that are sustainable) could point to organisational ability to successfully apply and extend knowledge to attain superior performance through iterative marginal improvements across all processes. Under the knowledge-based theory of the firm, 13 successful organisations transfer knowledge either explicitly (which is revealed via communication) or implicitly (which is revealed via application in practice). The distinction lies in the mechanism of transfer of knowledge. Understanding the underlying mechanics of coordination that lead to an improved process (e.g. higher FCOTS) will thus reveal how the improvement occurred. Operations strategy concepts provide examples of how learning organisations achieve performance improvements through process control and variability reduction, 14, 15 whilst making minimal investment in capital or human resources. 16 Thus, even small improvements in one process are important, not as ends in themselves, but as a test of readiness to pursue programmes of continuous improvement. We analysed a successful FCOTS programme to determine whether the process improved or simply started earlier. Stated more explicitly, our main question was the following: was the FCOTS initiative successful in improving the function of our perioperative system (satisfying the learning organisation criterion of creating an actual improvement in the process), or were people just starting the same process earlier in the day whilst being monitored for on-time starts? OR-wide FCOTS initiatives have been reported, 17 as has the optimal structure of the intervention. 18 The purpose of this study was to ascertain empirically whether the improvement could be ascribed to the organisation's ability to actually improve their process through better coordination. Performance improvements resulting from the reduction of process variability are more likely to be sustained over time. 19 Lapierre and colleagues 20 showed that each team member responds to preceding team members' change in behaviour, creating a self-reinforcing effect, which might explain why improvements are sustained. Statistical process control is a well-established methodology to identify whether process changes occurred as a result of variability reduction, 21e23 or whether the timing of the process shifts with respect to planned interventions.
Methods
We studied a successful FCOTS initiative conducted in the entire Vanderbilt University Medical Center OR suite (46 ORs). After obtaining institutional review board approval, we extracted 3 yr of OR performance and scheduling data consisting of~28 882 first cases from January 2010 to November 2012. For statistical analysis, January 2010 to July 2011 was identified as the pre-intervention phase, and August 2011 to November 2012 was identified as the post-intervention phase. Two connected on-campus sites, both of which had adult inpatient and outpatient surgeries, were included. Both are under the same management, administratively and clinically, and follow the same policies. All providers and staff were fulltime salaried employees of the medical centre. A patient was considered as the first case of the day if (i) it was the first case performed in a room after 7:30 AM and (ii) the patient entered the OR before 10:00 AM. A case was considered on time if the patient entered the OR with a delay of no more than 5 min from the scheduled start time (typical start time is 7:30 AM for Monday, Tuesday, and Thursday; 8:00 AM, otherwise). For each first case, the difference between the actual time the patient entered the OR and the scheduled start time was calculated. The circulating nurse manually recorded the time the patient entered the OR in the patient's intraoperative electronic chart. In our workflow, the anaesthesia team brings the patient to the OR, and the circulating nurse waits in the OR and documents the OR arrival. Most patients enter the OR within 15 min of the scheduled start; however, institutional leadership strongly felt that starting more cases on time using the more stringent 5 min target would indicate a wellcoordinated system.
Process-improvement techniques used to increase FCOTS
The project techniques were initially tested in a single OR service. 24 Next, at multiple meetings of the OR committee and perioperative services, managers provided education about the FCOTS initiative. In addition to these educational activities, the major intervention for FCOTS improvement was to institute a 'huddle' at 9:00 AM (after the majority of first cases had started) of OR operational leaders (nursing managers, lead nurse anaesthetist, charge nurse, and anaesthesiologist in 
Statistical methods
We used standard statistical techniques to evaluate the changes in distribution parameters. We analysed the means, medians, and inter-quartile range (IQR) of start times relative to the expected start times using 95% confidence intervals (CIs) that were developed on 10 000 bootstrap samples for a total of 288 820 000 cases using the simple sampling bootstrap method. A statistical process-control-chart methodology was used to compare the baseline difference between the actual and scheduled start times to differences during periods of implementation of the process improvement, and to assess process reliability in the before-and-after periods. Run charts and related statistical process-control methodologies have been adapted to monitor processes in anaesthesiology, where they have the advantage of allowing early detection of process performance changes. 
Results
The FCOTS goal could be achieved by starting earlier, suggested if the distribution of start times retained its shape but shifted earlier (Fig. 1, Scenario 1) , or by process improvement, suggested if the distribution of start times compacted (Fig. 1 , Scenario 2). Improved FCOTS (fraction of patients entering the OR no more than 5 min after the scheduled start time) was evident immediately after the start of the improvement initiative. Post-initiative, patients entered the OR within 4 min (95% CI: 5e4 min) of their scheduled start time, as opposed to 8 min (95% CI: 8e8 min) in the pre-initiative phase (Table 1) . Performance in the post-initiative phase was statistically different from the pre-initiative phase. As depicted in Figure 2 , in the post-intervention phase, patients entered the OR on average 4 min past their scheduled time, which is <3 standard deviation below the control limit of the pre-intervention phase (5 min). Table 1 shows that the median difference between the actual and scheduled start times shifted from 5 min (95% CI: 5e5 min) to 2 min (95% CI: 2e2 min). This indicates that the midpoint of the hypothetical start time distribution shown in Figure 1 shifted to the left (earlier) after the intervention. Improved process consistency should 'squeeze' the distribution of start times, observable as a reduction in parameters, such as the IQR, as shown in Figure 3 . The descriptive statistics in Figure 3 and Table 1 demonstrate that (after the intervention) the IQR of the actual vs scheduled starts reduced from 13 min (95% CI: 13e13 min) to 10 min (95% CI: 9e10 min). The 25th percentile of the actual vs scheduled starts was shifted slightly earlier (0 min pre-initiative vs e1 min post-initiative), but the reductions were much larger in the 75th percentile (13 min pre-initiative vs 8 min post-initiative; Fig. 3 ). This is consistent with Scenario 2 in Figure 1 : a process that starts at almost the same time of the day as in the past, but which achieves its goal of starting more cases at or before the time goal by functioning more consistently.
When the distribution is positively skewed (i.e. there are a few outlier data points on the far right x-axis), the reduction in mean could be achieved reducing outliers. However, this alone does not prove that the process itself is in better control. To understand the impact of the intervention on the process, we must look at the median times and the distribution (IQR).
To ensure that the superior FCOTS performance was not achieved by gaming the system, we checked for changes in two other steps in the process: (i) amount of time the patients stayed in the preoperative area and (ii) amount of time from entering the OR until the procedure started. Changes in the former would indicate that the improvement came at the cost of patients staying longer in the holding rooms, whilst the latter would indicate preoperative nurses rushing patients into the OR without completion of all preoperative steps, or team members simply shifting preoperative work into the OR. We used bootstrapping methods to build 95% CI of median times for the preceding two time intervals, and found no statistically significant differences in the pre-and post-initiative periods. First-case-start patients spent about 80 min in the holding rooms in both phases, and the room-in to procedure start time was about 40 min.
Discussion
Although improving first-case starts in and of itself does not necessarily improve case throughput, the ability to study a process and bring it into better control is a marker of superior organisational fitness. We sought to illuminate whether an FCOTS improvement initiative succeeded by improving processes, or by compelling OR workers to start the nominal process sooner. We observed that the process performance improved, but the overall start time of the activities required to get patients into the OR on time did not change, with a reduction in the median difference between the actual and scheduled start times.
We chose non-parametric analysis because of its utility in quality-improvement projects in other settings. However, the distributions of times, because of the scheduled start time that acts as a 'soft' lower bound, are right skewed. Right-skewed distributions are often adequately approximated by the lognormal or Weibull distributions, and transformation of the observed distribution allows classical methods (that assume normally distributed data) to be used. However, specialised techniques are required to 'back-transform' comparisons to units (time) that can be understood for real-world consideration. Consequently, we chose the least complicated analysis sufficient for the purpose of the comparisons.
Our results indicate that the improvement occurred both as a result of better process control (which can be attributed to daily huddles, increased communication amongst stakeholders, and training and arrival of a new administrative director) as evident in the squeezing of the distribution with a reduction in the median time from 5 to 2 min, and the IQR from 13 to 10 min, and by patients arriving in the OR earlier (the leftward shift of the distribution median) without requiring Hypothetical distributions of start times. The top chart depicts a fitted distribution of 'first-case lateness'. Cases are delayed on average by 4 min. Scenario 1 depicts the distribution where the average delay is reduced to1 min; however, the distribution's spread is the same as the top panel. This 'leftward' shift of the entire distribution would indicate that the improvement in FCOTS resulted primarily by getting patients into the OR earlier than the scheduled start time, potentially starting the preoperative process earlier, and not necessarily through improved process control. Scenario 2 is the more desirable outcome as the improvement in FCOTS occurs by 'tightening' the distribution (reducing the inter-quartile range) and centring it on the scheduled start time. FCOTS, first-case on-time start; OR, operating room. the preoperative work to begin earlier. We observed small changes in median difference from the scheduled and actual start times. The actual 'improvement' could have been realised by redefining the grace period from 5 to 10 min. In operational terms, the project yielded tiny benefits, and relaxing the grace period would be another way to declare more cases 'on time' (and remove any semblance of performance pressure on personnel). The choice of approach comes down to the overall goal: either to improve on-time start metrics or to make the process more consistent. From a team-performance perspective, getting the first case of the day started on time, especially for operating suites that are usually busy, may be a key barometer for how well the perioperative teams work together. A functional metric, such as FCOTS, may be more important as an indicator of the coordination and teamwork of the perioperative team than as a metric in and of itself. The gains of a few minutes in on-time starts seem trivial in isolation and do not permit an additional surgical case, nor do they guarantee ending the day earlier. FCOTS performance with most patients entering the OR within a few minutes of the scheduled start time is probably near the ceiling of achievable performance, suggesting future efforts might best be applied elsewhere. Successful organisations improve performance by thoughtful pursuit of marginal gains across the range of their activities.
Our results have implications for other areas of hospital operations. All hospital processes are embedded in the overall process of the larger organisation. The perioperative system design must recognise this matrix organisation: initiatives that disrupt or alter the function of adjacent and connected processes require constant energy and supervision to initiate and sustain, whereas initiatives undertaken in ways that minimise upstream and downstream impacts are theoretically more efficient. The immediate upstream processes of starting an OR case on time include patient arrival and admitting, staff arrival and instrument processing, delivery, and set-up. Upstream of these processes are activities by the staff that may be out of their control, such as preparing children for school and delivering them there. Consequently, an FCOTS initiative that succeeds simply by attempting to start a nominal process earlier in the day is fighting against strong upstream constraints, whilst an initiative that improves its processes internally avoids this and is more likely to be sustainable. X-bar control charts for pre-initiative and post-initiative periods created separately. Three SD upper and lower control limits for the pre-and post-initiative periods were calculated separately. The downward shift in the mean difference of the time patients enter the OR vs their scheduled start time is evident. More patients entering the OR within the 5 min grace period for lateness corresponds to overall FCOTS increasing from 55% to 70%. The performance before and after the FCOTS initiative was in control with respect to the relevant control limits. However, the average delay in the post-initiative period (4 min) is lower than the three SD lower control limit (5 min) of the pre-initiative phase, which indicates that the two phases are significantly different at three sigma limits. FCOTS, first-case on-time start; OR, operating room; SD, standard deviation; UCL, upper control limit; LCL, lower control limit. The red dashed line is a smooth hand sketch drawn to touch the highest bars. The median and IQR for before and after are indicated in the light blue rectangles, and the hand fit from 'pre' is vertically translated to the 'post' distribution. Inspection of the differences between actual vs scheduled start time in the 'post' panel against the fit from the 'pre' state demonstrates that the earliest in room times in the 'post' period are not earlier than the 'pre' period. The mean and median difference in actual vs scheduled start time, and the IQR of the distribution decreased, indicating improved process performance. IQR, inter-quartile range; OR, operating room. Table 1 Performance before and after first-case on-time start intervention. Post-intervention, first cases of the day entered the operating room on average within 4 min of the scheduled start time, as opposed to 8 min pre-intervention. 95% CI of the mean shows no overlap between pre-and post-intervention, and the median changed from 5 to 2 min. The results indicate that the intervention led to the distribution shifting towards the left (as indicated by the mean and median getting reduced) and the process getting in better control, as shown by the squeezing of the IQR from 13 to 9 min. The intervention thus achieved its purpose by making the entire process better, which explains why the improvements were sustained. CI, confidence interval; IQR, inter-quartile range. * 95% CI developed using bootstrapping on 10 000 bootstrap samples for a total of 288 820 000 cases using a simple sampling method 
